Looping patterns rich in laminin are present in tissue samples of primary aggressive human uveal melanomas and their metastases. Because these extravascular patterns connect to blood vessels and transmit fluid in vitro and in vivo, the three-dimensional configuration of these patterns has been the subject of considerable speculation. In the current study, methods were devised to describe the three-dimensional configuration of looping extravascular matrix patterns in archival human uveal melanoma tissue. METHODS. Twenty-five serial 4-m-thick sections from primary uveal melanoma tissue were labeled with fluorescence-tagged laminin and examined by confocal microscopy to generate a Z-series within each 4-m-thick section. The z-series from each section was stacked using an immersive three-dimensional environment (ImmersaDesk; Fakespace, Kitchener, Ontario, Canada) to allow for precise alignment and compensation for distortion artifact. RESULTS. Extravascular matrix patterns that appeared to form loops in two dimensions were shown to represent thin wrappings around branching and twisting cylindrical groupings of melanoma cells. Blood vessels joined with some of these laminin-positive cylindrical wrappings. CONCLUSIONS. In this preliminary study, periodic acid-Schiff (PAS)-positive laminin-rich looping patterns in two-dimensional tissue sections appear to outline cylindrical branching packets of melanoma cells rather than spheroidal nests. The conduction of fluid through this extravascular system may provide a novel delivery system for contrast and diagnostic agents. (Invest Ophthalmol Vis Sci.
T
here is a strong association between death in metastatic uveal melanoma and the presence of looping and crosslinked patterns positive for periodic-acid Schiff (PAS) in histologic sections of primary choroidal and ciliary body melanomas treated by enucleation. 1 Looping patterns are detected in up to 88% of primary tumors of patients who died of metastatic uveal melanoma, and these patterns are present in sites of metastasis by uveal melanoma. 2 Several laboratories [3] [4] [5] [6] have determined that looping patterns are independent prognostic indicators of death due to metastatic melanoma.
These patterns are generated in vitro by aggressive uveal melanoma cells without participation of endothelial cells and fibroblasts. 7, 8 In human primary uveal melanoma tissue, these patterns are composed ultrastructurally of a sandwich of electron-dense material on either side of tumor cells. 8 Although these patterns have been shown to transport fluid in vitro, 7, 8 in animal models, 9, 10 and in human tissue samples, 8 the patterns are clearly not vessels ultrastructurally. 8 Furthermore, the patterns are not rich in type I collagen ultrastructurally, nor do they contain fibroblasts-additional evidence that is contrary to the notion that these patterns might represent fibrovascular septa. 8 Several groups have now shown that these PAS-positive patterns are rich in laminin. 8, 9, [11] [12] [13] The three-dimensional (3-D) configuration of extravascular matrix patterns that form back-to-back closed loops in twodimensional (2-D) tissue sections is unclear and highly controversial. 14 Clay models suggested that looping extravascular matrix patterns form scaffolds around clusters of tumor cells. 15 McDonald et al.
14 used a computer simulation to suggest that these patterns envelope spheroids. However, the actual 3-D configuration of looping extravascular matrix patterns has never been demonstrated. Because these patterns conduct fluid in vivo, the distribution of diagnostic contrast agents and therapeutic agents through tumors that contain extravascular matrix patterns may be considerably different from that supplied by blood vessels alone. 16 The distribution of blood in tumor tissue is often studied by using cast corrosions. [17] [18] [19] After injecting latex or plastic into the circulation, tissue is digested leaving a cast of the blood flow to be studied by scanning electron microscopy. This technique cannot be used to discriminate between blood in vessels and extravascular matrix patterns, because every portion of the cast would be assumed to represent perfusion of a blood vessel.
Investigators have used serial tissue sections to develop 3-D reconstructions of blood vessels. 20 -27 Methods developed for 3-D tissue reconstruction must provide for precise section-tosection alignment and permit correction for heterogeneous tissue distortions from section to section when using paraffinembedded material, 28, 29 missing sections, or sections containing artifacts. Recently, Brey et al. 16 reconstructed blood vessels from serial 2-D, 6-m-thick frozen sections manually and by automated algorithms (thus circumventing artifacts introduced by paraffin embedding), and generated accurate renderings of the microcirculation, from which measurements of surface areas were calculated.
Several considerations preclude applying the methods described by Brey et al. 16 in serial frozen sections to the 3-D The publication costs of this article were defrayed in part by page charge payment. This article must therefore be marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact.
reconstruction of laminin-rich extravascular matrix patterns in human primary and metastatic uveal melanomas. First, access to frozen primary human uveal melanoma tissue is limited. There are very few tissue banks containing archival frozen uveal melanoma samples, and most of these samples are quite small. Because laminin-rich extravascular matrix patterns are distributed heterogeneously throughout uveal melanoma tissue, 30 it is difficult to ensure a priori that stored small frozen tissue samples of human uveal melanoma in tissue banks contain extravascular matrix patterns of interest. Moreover, the realization that vision-sparing treatment such as radiation therapy is associated with no worse mortality than that achieved by enucleation 31 may limit the number of enucleations performed in the future and access to fresh tissue for morphologic studies. Second, conventional laser scanning confocal microscopy (LSCM) reconstructions permit investigators to visualize only the exterior of reconstructed tissue elements. To determine whether sheets of laminin encircle tumor cell spheroids as hypothesized, 14, 15 it becomes important to visualize the interior of the laminin compartments in addition to their surfaces.
In 1994, Rummelt et al. 32 reconstructed blood vessels in histologic sections of uveal melanoma by LSCM and demonstrated the ability to apply multiple labels to identify both tumor cells and blood vessels in a 3-D perspective. 32 This reconstruction of tumor blood vessels was performed on a single, thick, paraffin-embedded tissue sample, thus eliminating concern about the alignment of serial sections. Although this method eliminated concern about heterogeneous distortions in paraffin-embedded tissue from section to section, resolution by this method was limited by computational power: as the tissue section thickness increases, the distance between confocal scanning planes in the z-series also increases, to avoid overwhelming the computational capacities of conventional confocal microscopy workstations. This results in a thick reconstruction with limited resolution. Moreover, the penetration of antibodies into very thick paraffin-embedded tumor sections may be uneven, making it difficult for investigators to discriminate between the absence of a signal and a lack of complete penetration of the antibody of interest.
We therefore designed a novel approach to tissue reconstruction on archival paraffin-embedded tissue by combining LSCM on serial tissue sections with reconstruction in an immersive stereo 3-D environment 33 that has been used in biomedical visualization for drug design to visualize molecules and their receptors interactively 34 and by radiologists to visualize complex interactions of various tissue surfaces. 35 This technique permits correction for alignment and tissue distortions by applying warping algorithms on volumetric serial sections. In addition, the technology permits the researcher to dissect tissue digitally, to view the interior of objects of interest. After demonstrating that these novel techniques could be used to reconstruct blood vessels in paraffin-embedded tissue samples of retinoblastoma, a highly angiogenic tumor, we reconstructed extravascular matrix patterns from primary human uveal melanoma tissue.
MATERIALS AND METHODS

Immunohistochemistry
Formalin-fixed, paraffin-embedded retinoblastoma and uveal melanoma tissue samples were sectioned at 4 m thickness. The use of archival human tissue in this study was approved by the Institutional Review Board of the University of Illinois at Chicago and was performed according to the tenets of the Declaration of Helsinki.
Slides were deparaffinized in xylene and rehydrated through a decreasing ethanol gradient. Slides were rinsed in distilled water followed by antigen unmasking using a 10ϫ concentrated retrieval solution (Target Retrieval Solution; Dako, Carpinteria, CA) according to the manufacturer's instructions and then rinsed in phosphate-buffered saline (PBS) for 5 minutes. For the demonstration of endothelium in fixed tissue of retinoblastoma, tissue sections were stained for CD31 (mouse monoclonal anti-human endothelial antibody to platelet-endothelial cell adhesion molecule [PECAM]-1; clone JC/70A; DAKO), and the reaction product was detected by diaminobenzidine (DAB). A preliminary study in our laboratory comparing CD34 with CD31 showed that CD31 consistently produces a stronger and more easily identifiable reaction product than CD34 in retinoblastoma tissue.
For the demonstration of laminin in human retinoblastoma and human uveal melanoma tissues by fluorescence and laser-scanning confocal microscopy, tissue sections were prepared as just described. Slides were then incubated with monoclonal mouse anti-laminin antibody (L8271, clone LAM 89; Sigma-Aldrich, St. Louis, MO) at a dilution titer of 1:200 for 30 minutes at room temperature. Slides were rinsed in protein-blocking solution (Dako) for 10 minutes, followed by detection with fluorescence-conjugated goat anti-mouse IgG (Alexa Fluor 488; Molecular Probes, Eugene, OR) for 30 minutes at a dilution of 1:400. Slides were rinsed in buffer then mounted in aqueous mounting medium (Faramount; Dako).
For the simultaneous detection of CD34 and laminin in human primary uveal melanoma tissue, slides were prepared as described earlier and then incubated with monoclonal mouse anti-human CD34 (QBend10; Dako) at a dilution of 1:40 for 30 minutes and placed in protein-blocking solution (Dako) for 10 minutes. Antibody binding was detected with the fluorescence-conjugated goat anti-mouse IgG for 30 minutes at a dilution titer of 1:400. After 10 minutes of protein blocking, slides were incubated with polyclonal rabbit anti-laminin antibody (Sigma-Aldrich) at a dilution titer of 1:200 for 30 minutes at room temperature. After protein blocking for 10 minutes, antibody binding was detected with fluorescence-conjugated goat anti-rabbit antibody (Alexa Fluor 594; Molecular Probes) for 30 minutes at a dilution titer of 1:400. Slides were rinsed in buffer and mounted in aqueous mounting medium (Faramount; Dako).
The simultaneous detection of laminin and S100 protein in primary human uveal melanoma tissue was conducted as described, with the following substitutions: a mouse monoclonal anti-laminin antibody (clone LAM-89; Sigma-Aldrich) at a dilution titer of 1:200 detected with fluorescence-conjugated goat anti-mouse IgG at a dilution of 1:400 and polyclonal rabbit antibody to S100 protein (Dako) detected with fluorescence-conjugated goat anti-rabbit IgG at a dilution titer of 1:400. The simultaneous detection of laminin and fibrinogen in primary human uveal melanoma tissue was performed as described previously, 8 using the following reagents: a mouse monoclonal anti-laminin antibody (clone LAM-89; Sigma) at a dilution titer of 1:200 detected with fluorescence-conjugated goat anti-mouse IgG at a dilution of 1:400 and polyclonal rabbit antibody to human fibrinogen (Dako) at a dilution titer of 1:1000 detected with fluorescence-conjugated goat anti-rabbit IgG at a dilution titer of 1:400. For all staining procedures, secondary antibody was omitted in negative control experiments.
Fluorescence Microscopy
Immunohistochemically double-labeled preparations (CD34-laminin and S100 protein-laminin) were examined using a microscope equipped for fluorescence (BX40; Olympus America, Melville, NY). Digital images were captured (MagnaFire camera; Optronics, Goleta, CA) separately for each chromogen (in the case of multiple labels), and the images were merged with the accompanying software (MagnaFire software, ver. 2; Optronics).
Laser Scanning Confocal Microscopy
All histologic serial sections were examined with a laser scanning confocal microscope (LSM 510; Carl Zeiss Meditech, Thornwood, NY) using the 20ϫ objective. Images were stored in laser scanning microscope format and converted on computer (LSM Image Browser software, ver. 2.50.0929; Carl Zeiss Meditech, Jena, Germany) into tagged information file format (TIFF). For the 3-D reconstruction of blood vessels in retinoblastoma from 4-m sections stained with laminin with signal detection by immunofluorescence as described earlier, a z-stack of images of 20 components with 0.2-m intervals were obtained from five serial sections. Images for the 3-D reconstruction of two vessels in retinoblastoma tissue were obtained by this method. To reconstruct extravascular matrix patterns in primary human uveal melanoma tissue from 4-m sections stained with laminin with signal detection by immunofluorescence, as described earlier, a z-stack of eight components with 0.5-m intervals were obtained from each of 25 serial sections. Nine areas from two different primary uveal melanomas with extravascular matrix patterns were examined in this fashion.
Three-Dimensional Immersive Visualization
To perform, view, and manipulate the 3-D reconstructions, we also used ImmersaDesk 33 (Fakespace, Kitchener, Ontario, Canada) which is a single-screen, portable appliance based on the CAVE 36 virtual reality system developed by the Electronic Visualization laboratory (EVL) at the University of Illinois at Chicago. ImmersaDesk, 33 available in imageanalysis facilities at many research universities, offers the following advantages to investigators: the ability of multiple researchers to view data simultaneously, stereo vision, a wide viewing angle, and the ability to present different 3-D aspects of the image depending on the perspective of a designated investigator. Figure 1 illustrates the use of the ImmersaDesk 33 for viewing and manipulating the reconstructions developed from serial LSCM stacks. Investigators are equipped with lightweight goggles that contain shutter glasses made of transparent LCD panes that are blackened separately for each eye by applying a voltage that switches in rapid sequence between two views of the image, one for each eye. One goggle set also contains a device to track head position, which allows the computer to present data relevant to the investigator's position (e.g., as the investigator leans forward or to the side, he or she appears to travel through the reconstructed tissue). A wireless mouse-like device, a wand, permits the investigator to manipulate the reconstruction by turning it or slicing layers from the image to view internal structure.
Three-Dimensional Reconstructions
We designed a novel reconstruction strategy. After performing LSCM on each serial section to generate serial volumetric data, we then stacked the 3-D volumes in an immersive stereo environment. In Figure  2 , the subject of interest is a tilted cylinder. In aligning 2-D sections, one might arrive at a reconstruction that is a straight cylinder, rather than one that is tilted. However, in aligning images that have volumetric depth (bottom row), one matches alignment of the bottom image of the z-series from layer 1 with the top image from the Z-series of the next layer, layer 2, repeating this step until all images are aligned. Alignment is performed in an immersive 3-D environment (ImmersaDesk 37 ; Fakespace). In this example, manual alignment would not err in recreating a cylinder that is upright and would instead reconstruct the tilted cylinder correctly. If the object of interest in the bottom of the z-series of layer 1 does not match the top image in the next layer, the distortion, perhaps introduced by tissue processing, is corrected by applying a warping algorithm. A 3-D nonlinear warping algorithm is used to restore the distortion after the initial manual alignment. We use automated image reconstruction (AIR) software 38 to apply a 2-D nonlinear warping algorithm to match the bottom image of the z-series from layer 1 with the top image from the z-series of layer 2, resulting in a 2-D nth order polynomial transformation (available at http:// FIGURE 1. Using the ImmersaDesk (Fakespace, Kitchener, Ontario, Canada). The investigator is holding the "wand" by which he can manipulate the image on the screen, which is the reconstructed data set used to create Figure 3G . The positionally sensitive goggles worn by the investigator not only facilitate 3-D visualization but also permit the investigator to appear to move through the tissue by moving from side-to-side or by tilting the body in different planes. Additional goggles may be used by ancillary investigators to experience the same 3-D data set visualized by the investigator controlling motion with the positionally sensitive goggles. 128.97.134.164/AIR5/2Dnonlinear.html) which is expanded to 3-D (n ϩ 1)th order (available at http://128.97.134.164/AIR5/3-Dnonlinear. html). With the known boundary conditions and some reasonable assumptions, all the coefficients in the (n ϩ 1)th-order polynomial can be determined. With this nonlinear transformation, layer 1 can be warped to connect to layer 2 smoothly.
Video clips of the investigator interaction with the reconstructed dataset (see Appendix) were prepared by recording a session with the ImmersaDesk on a computer (model O2 with MediaRecorder software; SGI, Mountain View, CA). A window of 640 ϫ 480 pixels was outlined on the ImmersaDesk display and was captured at 10 frames/sec (QuickTime format, Apple Computer, Cupertino, CA). Video-clips were then compressed and converted to avi format for replay on computer (Windows MediaPlayer; Microsoft, Bellevue, WA).
RESULTS
Retinoblastoma is known to be a highly angiogenic tumor. 39 To compare a baseline 3-D reconstruction of tumor vessels against which extravascular matrix patterns might be compared, tissue sections of retinoblastoma were first stained with CD31 to demonstrate blood vessels ( Fig. 3A ; blood vessels in retinoblastoma stained consistently weaker with CD34 than CD31 in trial studies; data not shown). Stains for laminin also labeled these vessels as expected (Fig. 3B) . Three-dimensional reconstructions of two blood vessels in retinoblastoma were generated by the methods described earlier (Fig. 3C) . Conventional 3-D reconstructions of LSCM stacks generated images only of the exterior of the object of interest. To demonstrate the use of the immersive stereo to digitally dissect tissue planes, we removed the upper wall of the blood vessel in Fig. 3C and rotated the image to reveal the entire length of the lining of the inferior wall of the vessel (Fig. 3D) . Thus, the immersive stereo environment permits investigators to visualize the interiors of objects of interest.
Figures 3E-H are representative of the nine reconstructions of extravascular matrix patterns performed on primary human uveal melanoma tissue. Figure 3E shows a 4-m-thick tissue section of primary human uveal melanoma double labeled for laminin (red) and CD34 (green), with a paucity of CD34-positive blood vessels. As shown previously, 8 the looping laminin-positive extravascular matrix patterns are not stained with CD34. Figure 3F is a section adjacent to 3E and is double labeled with laminin (green) and S100 protein (red) to illustrate the fact that melanoma cells (S100 positive) occupy the tissue spaces within the looping laminin-positive patterns. Figure 3G is a 3-D reconstruction of the primary uveal melanoma tissue presented in 3E and 3F. The tissue sample illustrated in 3G was labeled with laminin only (which identifies both blood vessels and the extravascular patterned matrix). In Figure 3G , branching blood vessels are easily identified (arrows), corresponding to the CD34-positive vessels in the adjacent double-labeled section (Fig. 3E) . What appear to be back-to-back loops of laminin in the 2-D plane (Fig. 3E, red; Fig.  3F , green) are actually the outer linings of cylinders that wrap around what appear to be empty spaces, because the tissue section is labeled only for laminin (these "spaces" are actually filled with S100-positive melanoma cells that do not label with laminin; see Fig. 3F ). Although the tissue reconstructed in Figure 3G was stained only with laminin (which detects both blood vessels and the extravascular patterned matrix), it is clear that the cylinders are not themselves blood vessels, because they do not stain with the endothelial cell marker CD34 (3E). The laminin-positive cylinders are not regularly oriented topically. For example, the space in Figure 3G that is marked with the single asterisk would appear in a 2-D section to be a loop, but in the 3-D environment, it is a cross-section of a cylinder that extends in Figure 3G from right to left and posteriorly into the section.
In video clip 1 (see Appendix), a recording of the investigator interaction with the 3-D reconstruction presented in Fig.  3G , the reconstructed tissue is rotated from side to side, clearly illustrating the cylindrical laminin-positive outline surrounding the tumor marked with the single asterisk. However, in the last frame of video clip 1, note that there was an oval "defect" in the otherwise confluent laminin lining. This defect, like all "space" in this reconstruction, is populated by S100-positive tumor cells. Parenthetically, a cross-section of tissue through a defect in the wall of a cylinder would generate an arc instead of a loop, an observation consistent with the hierarchical relationships of patterns in histologic 2-D section planes. 40 In video clip 2 (see Appendix), the investigator not only rotates the reconstruction shown in static representation from right to left (Fig. 3G) , but also tilts the reconstruction backward. With this maneuver, the space (actually occupied by S100 protein-positive melanoma cells), marked with the plus sign (ϩ) in Fig. 3G , is shown to be subdivided by branching laminin-positive septa (note the last frame of this video clip), thus showing that this cylinder of tumor cells divides or branches. Figure 3H is a 3-D reconstruction from another area of primary uveal melanoma performed under immersive visualization. The tissue in Figure 3H , double labeled with laminin (green) and fibrinogen (red), shows colocalization of fibrinogen (yellow) to the laminin-rich extravascular matrix patterns, consistent with our previously observation based on 2-D tissue sections. 8 The colocalization of fibrinogen, a surrogate marker for plasma, to these laminin-rich patterns is consistent with the flow of fluid through these patterns in animal models after intravenous injection 9,10,41 and the observation of red blood cells within the patterns in human tissue samples.
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DISCUSSION
These preliminary reconstructions of extravascular matrix patterns in primary uveal melanoma tissue suggest that the backto-back loops and networks that are prognostically significant in this tumor may be composed in part of laminin-positive wrappings around cylinders of uveal melanoma cells that may branch and divide. These observations are entirely consistent with recently published in vitro observations 8 indicating that looping patterns in human uveal melanoma tissues are unlikely to represent spheroidal aggregates of aggressive tumor cells.
If the cylindrical orientation of laminin is discovered to be a consistent feature of these patterns in repeated studies of multiple tumors, the irregular orientation of the extravascular matrix patterns would have several important clinical implications. First, there is evidence from in vitro studies, 7, 8 animal models, 10 and human tissue samples 8 that these extravascular matrix patterns are perfusable. Future refinements of the techniques illustrated in this article will allow for tissue reconstructions on multiple fluorescence wavelengths to detect simultaneously the laminin in cylindrical extravascular matrix patterns, the S100 positivity in melanoma cells filling the laminin-positive cylinders, and the presence of plasma by intravenous fluorescent tracer in an animal model. 42 If the cylindrical laminin-positive extravascular matrix is richly perfused, as suggested by studies of 2-D tissue sections, then extravascular matrix patterns may provide a novel distribution pathway for diagnostic contrast media [43] [44] [45] and novel therapeutic agents. Second, there is preliminary evidence that it is possible to detect the presence of prognostically significant extravascular matrix patterns in the eyes of patients by power-spectrum analysis of raw radiofrequency data obtained from noninvasive IOVS, July 2003, Vol. 44, No. 7 Reconstructing Matrix Patterns in Uveal Melanoma 2837 ultrasonography of the tumor, 46 independent of any possible perfusion characteristics of these patterns. These encouraging data, however, were based on the assumption that the looping patterns represent spheroidal nests of tumor cells. If additional reconstructions confirm the results that looping patterns are instead anisotropic arrangements of cylinders of tumor cells wrapped by laminin-rich matrix, as this preliminary study suggests, then different analytical algorithms can be applied to ultrasonic raw radiofrequency data to obtain even more accurate correlations between noninvasive ultrasonographic imag- C) . (E) Primary human uveal tissue melanoma is labeled with CD34 for endothelium (green) and laminin (red). There are very few endothelial lined blood vessels (arrows) within the laminin-positive extravascular matrix. Note also that the patterns themselves are not lined by endothelium (i.e., they are CD34 negative). (F) Primary human uveal melanoma in which the melanoma cells are stained for S100 protein (red) and the extravascular patterned matrix is demonstrated by staining with laminin (green). (G) This is a 3-D reconstruction generated in an immersive environment of a primary human uveal melanoma stained for laminin from sections adjacent to that illustrated in (F). Blood vessels (arrows) are identified. Laminin-positive cylinders appear to wrap around empty spaces, but in reality, these empty spaces are packed with S100-positive tumor cells (F). In the 3-D environment, it becomes apparent that laminin is outlining cylindrical structures, not spheroidal structures. Note that the cylinder marked with the single asterisk (✱) appears to be oriented obliquely, whereas the space marked with the plus (ϩ) appears oriented perpendicular to the plane of view. (H) This 3-D reconstruction is taken from an area of a primary uveal melanoma different from the one illustrated in (G) and is double labeled for laminin (green) and fibrinogen (red). Note the colocalization of fibrinogen to the laminin, consistent with previous observations 8 made from the labeling of 2-D sections. Because a narrower interval was used with the retinoblastoma tissue, the resolution of the blood vessels in the retinoblastoma tissue is 2.5 times greater in the z-axis than the resolution in the z-axis for the uveal melanoma reconstructions. ing and histologic properties of the tumor. With more patients electing vision-sparing treatment rather than enucleation, the ability to obtain prognostic information by noninvasive substitutes for biopsy-either through angiographic detection of perfused extravascular matrix patterns or by the ultrasonographic organization of melanoma tissue into bending cylinders wrapped in laminin-rich matrix-may be useful in allowing ophthalmologists and oncologists to stratify patients into low-and high-risk groups.
Although the present study illustrates the feasibility of developing 3-D reconstructions of extravascular matrix patterns from archival tissue samples, there is considerable room for further methodological refinements. The strategy applied in this preliminary study included the manual alignment of serial tissue volumes rather than serial sections and the manual correction for inhomogeneous tissue distortions. It is also possible to automate these steps and to correct for translational, rotational, and shear misalignments to eliminate any subjective interpretation of data. Moreover, in future data sets, missing sections can be handled with a method similar to 3-D warping by constructing a section with the bottom image of the z-series from layer 1. Using the 3-D warping algorithm describe earlier, this section is warped and inserted into the gap. Finally, given the fact that there are only a few markers that discriminate between blood vessels and extravascular matrix patterns, it may be helpful to develop quantifiable numeric characteristics that topologically distinguish between tubular, branching blood vessels, and the larger cylinder-wrappings of lamininpositive, fluid-conducting matrix.
With these more advanced analytical tools, it will be possible to study a large library of archival tissue samples of primary and metastatic human uveal melanoma, to study the variability of extravascular matrix pattern topology, and to compare perfusion of fluid in three dimensions through extravascular matrix patterns with perfusion through tumor blood vessels in an established animal model. 
Video Clip 1
The 3-D reconstruction from 3G is rotated in real time by the investigator. The image of the hand is the icon of the wand used to manipulate the image. As the entire reconstruction is rotated from side-to-side, the "space" encircled by laminin and marked with an asterisk in Figure 3G assumes a cylindrical shape. In reality, there is no space because S100-positive tumor cells occupy this compartment. Not staining for the tumor cells makes the 3-D distribution of laminin visible.
Video Clip 2
The 3-D reconstruction from Figure 3G is rotated in real time by the investigator. In this reconstruction, the investigator, wearing position-sensitive goggles (Fig. 1) , has leaned forward toward the ImmersaDesk, rotating the reconstruction back. The image is then rotated from side-to-side with the wand as in video clip 1. The "space" marked with the plus sign (ϩ) in Figure 3G is now the center of attention. Note that what appears to be a clear space from front to back in Figure 3G is actually subdivided by branching laminin-positive septa in this video clip.
